Abstract. Erythemally-weighted ultraviolet (UV ery ) levels measured over southern England, during anticyclonic weather between 30 April and 2 May, 1997, were almost 50% higher than normally expected for clear skies and were similar to mid-summer values for the ®rst time since measurements began in 1990. Investigation of this episode suggests that a combination of both meteorological and chemical eects were responsible for generating record low ozone amounts for the time of year. Further, comparisons between the A band ultraviolet (315 to 400 nm wavelength) amounts, and radiative calculations con®rm that the high UV ery was primarily due to the reduction in total ozone. These results are contrasted with a similar period for 1998, in which near climatological ozone amounts were measured. The prospects for enhanced UV ery levels in future years are brie¯y reviewed in the light of expected increases in stratospheric halogen levels and greenhouse gases.
Introduction
The possibility of an ozone hole in the Northern Hemisphere has been suggested due to the combination of high chlorine levels and increasing greenhouse gases (GHGs) (Austin et al., 1992) . However, it was considered that severe Arctic ozone depletion would not be likely until GHG concentrations increase considerably from their 1980s values and are then able to provide more cooling in the lower stratospheric region to stimulate the occurrence of polar stratospheric clouds (PSCs). Ozone depletion would then proceed following the reactions of chlorine reservoir species on the surfaces of the clouds (e.g. Solomon, 1990) leading to severe ozone loss as observed in the Antarctic ozone hole (Farman et al., 1985) . Further model calculations (Austin and Butchart, 1994) suggested that an Arctic ozone hole might only occur for enhanced GHGs, during cold winters which were dynamically quiescent with no major stratospheric warmings and a delay in the ®nal warming (the seasonal change from winter westerlies to summer easterlies). More recent work using a simpli®ed chemistry-climate model (Shindell et al., 1998) predicted that even the small change in GHGs over the next decade or two will be sucient to reduce the frequency of stratospheric warmings and trigger enhanced ozone depletion. Indeed, in high latitudes most of the recent winter-spring periods have been colder than the multidecade climatology (SORG, 1993; SORG, 1996; Naujokat and Pawson, 1996; Muller et al., 1996; Rex et al., 1997; Coy et al., 1997; Pawson and Naujokat, 1997) . However, there is signi®cant interannual variability in the stratosphere and for example, after a cold start, 1997/98 was relatively mild following a minor stratospheric warming in December-January. During the years in which low temperatures were observed, substantial ozone depletion occurred in high northern latitudes as indicated by model studies (Chipper®eld, 1994; Chipper®eld et al., 1996) and observations (von der Gathen et al., 1995; Braathen et al., 1998; Rex et al., 1998) . While increased GHGs may have contributed to the low temperatures, the additional ozone depletion itself may have led to a reduction in the solar heating in high latitudes (e.g. Shine, 1986; Randel and Wu, 1998; Butchart and Austin, 1996) .
In general, in the Arctic incidences of low ozone occur early in the year and, although possibly important for the biosphere, have little consequences for human health as UV ery levels do not normally start to become signi®cant in middle and high latitudes until a month or more after the spring equinox (UMIRG, 1996, Fig. 2.4) . For example, during 1996 record low ozone levels were observed over Camborne (50.2 N, 5.3 W) in the United Kingdom in early March (Driscoll, 1996) and this gave rise to peak UV ery of 63 mWm À2 , some 50% higher than normal despite partially cloudy skies. For the amount of ozone present, calculations give a peak clear sky UV ery of 82 mWm À2 but this is somewhat lower than noon clear sky summer values of about 160 mWm À2 . During 1997, however, the low spring temperatures in the stratosphere combined with a delay in the ®nal warming have provided the conditions for UV ery levels to be similar to summer values almost two months early. Here we analyse data during the period 30 April to 2 May, 1997, to determine the causes of the high UV ery episode and contrast the period with early May 1998 when near normal UV ery occurred also in anticyclonic conditions.
Broad-band ultraviolet data
In 1988, the National Radiological Protection Board (NRPB) set up three monitoring stations to make measurements at Chilton (51.6 N), Leeds (53.8 N) and Glasgow (55.9 N) . To these sites, Camborne (50.2 N) and Lerwick (60.1 N) were added in 1993 and Kinloss (57.6 N) was added in 1996: see Fig. 1 . Measurements of visible (approximate wavelength range 400±770 nm), ultraviolet A ( 315±400 nm, UVA) and ultraviolet radiation weighted by the erythemal action spectrum (McKinlay and Diey, 1987 ; 290±400 nm, UV ery ) have been made simultaneously and continuously using a system based on three commercially available broad-band detectors. The measurements are designed to provide information regarding the range of variation of solar UV at dierent latitudes in the UK with the time of year and from year to year, and to establish baseline UV.
The erythemally-weighted UV detector is a modi®-cation of the 500 series detector produced by the Solar Light Company and incorporates a quartz hemispherical dome. Solar radiation incident upon the dome passes through a pre-®lter, which absorbs visible and infrared radiation. The solar UV is then wavelengthshifted by a magnesium tungstate phosphor deposited on a green ®lter. This ®lter absorbs residual UV and the small amount of red light transmitted by the pre-®lter. The emission from the¯uorescing phosphor is centred at 500 nm and is detected by a vacuum photodiode. The UVA detector (Model SD104A-Cos) consists of a polytetra¯uoroethylene cosine diuser, A UVA transmission ®lter and a large area gallium arsenide phosphide photovoltaic diode. The peak response is at 367 nm with a bandwidth (full width, half maximum) of 38 nm. The third detector (Model SD104L-Cos) measures the photopic illuminance (lux) in the visible part of the solar spectrum. It consists of a white acrylic cosine diuser, a transmission ®lter and a large area silicon photodiode. This detector has a spectral response which approximates to the photopic curve of the International Commission on Illumination (CIE). The detectors are calibrated using standard sources traceable to national standards laboratories. In addition, all detectors are calibrated against the Sun at various times at and around noon on a clear summer's day. This is done with the aid of a scanning spectroradiometer, calibrated against lamps traceable to national standards. The detectors are linked, with in-house designed preampli®ers and an analogue-to-digital converter, to microcomputers for data acquisition and analysis. Data are recorded every 20 s to give mean irradiance levels over 5 min periods throughout a 24 h cycle. At the 95% con®dence level, measurement uncertainties are estimated to be no greater than 15% for the two UV detectors, taking account of all potential instrument and calibration uncertainties. Instrument uncertainties are estimated to be lower than this in the region of 5 to 10%.
Sucient data now exist for an approximate climatology to be constructed for Chilton which is presented in Sect. 2.1. We also present provisional data for Glasgow. In Sects. 2.2 and 2.3 we discuss two case studies for Southern England. Since the connection with total ozone is an important one, the data at Camborne where ozone measurements are also available, are investigated. are considered, because of the complications associated with the interpretation of UV ery on cloudy days. However, for the period 24/4/1990±31/5/1998 only 297 clear days have occurred at Chilton spread over only 220 days of the year. Thus nearly 40% of the days have not had a completely clear sky in any year since 1990. At Glasgow for the years 1992±1997 only 49 days had completely clear skies. The year was divided into 26 periods of 2 weeks, thus averaging about 11 data points for Chilton in each 2-week period, and the mean and standard deviation was computed for each period (see Table 1 ).
Peak UV ery values for the clear-sky days (Fig. 2a) show some day-to-day variability due to ozone and, presumably, aerosol changes, rather than random error in the data, which is of order 0.5%. Also, there is no evidence of instrument drift during the period. At Chilton, for the 14 day mean centred on 1 May, measured UV ery = 103.6 AE 5.5 mWm À2 and for the period centred on 27 June UV ery = 157.4 AE 2.4 mWm À2 , where the error bars denote the standard error of the mean, and exclude instrument systematic error. At Glasgow UV ery values were 6% and 11% lower for the late spring and summer periods respectively, but are considerably lower than at Chilton during winter. This is to be expected given the more northerly location of Glasgow, although there were rather fewer clear skies, making comparisons dicult.
Case study, 1997
On 1 and 2 May, 1997, the Chilton UV ery values of 149 and 148 mWm À2 , exceeded the derived climatology by 43%, equal to 95% of the normal peak summer value. Apart from 1997, the largest UV ery values attained during the period 23 April to 6 May were 122 mWm À2 , observed in 1995. Figure 2b shows UV ery data at Camborne for 30 April 1997 to 2 May 1997 Additional re¯ection from the small amount of cloud that was present could have occurred on 30 April 1997. Also, total ozone was lower on 30 April 97 than on the following two days which would have contributed an extra 2% in UV ery . On this day UV ery peaked at 163.3 AE 0.6 mWm À2 , which just exceeds the peak summer value expected (the Chilton 27 June climatology, corrected for the 1 latitude dierence between Camborne and Chilton).
Case study, 1998
In contrast to the 1997 case study, during 1998 the maximum UV ery observed for the early May period was only 97 mWm À2 on 2 May 1998 at Chilton during partially cloudy skies, and 106 mWm À2 at Camborne on 3 May 1998. Figure 2c shows the data at Camborne for the period 2±3 May 1998. On 3 May 1998, the best example of a clear sky day during the period, the peak UV was 106.4 AE 0.2 mWm À2 , in agreement with the climatology for Chilton when allowance is made for the slight latitude dierence. Figure 2d shows the UVA values at Camborne for sample days during the two periods in 1997 and 1998. Despite the fact that peak UV ery was some 50% higher in 1997 than in 1998, the peak UVA values diered by only about 10%. This implies that the major change occurred for wavelengths less than 315 nm, which are signi®cantly aected by ozone.
Measurements of ozone
The United Kingdom Meteorological Oce measures total ozone daily, when conditions allow, at Camborne in Cornwall and Lerwick (60.1 N, 1.2 W) in the Shetland Islands, using manually operated Dobson spectrophotometers (WMO, 1996) . These instruments are regularly calibrated at international intercomparisons, and the Camborne instrument was last calibrated in 1995. Monthly checks on the instruments are also carried out using a mercury lamp for wavelength accuracy and a standard lamp for calibration accuracy.
The carefully scrutinised data series begin in 1979 for Southern England and 1981 for Lerwick. Several observations are made at dierent solar elevations each day and only the most reliable measurements are used to derive the average value of total ozone for a given day. Total ozone data are also available in near real-time from a Total Ozone Mapping Spectrometer (TOMS ± see Stolarski, 1993 for a general description of the instrument) on the Earth Probe satellite, at the positions of Camborne and Lerwick. Comparisons have also been made between the Lerwick instrument and a similar instrument operating at Oslo (59.9 N, 10.7 E), which revealed a mean dierence of less than 1% during the 13 month period September 1995±September 1996, providing additional con®dence in the accuracy of the measurements. The ozone pro®le is measured at Lerwick using a Science Pump Corporation electrochemical cell ECC5 which is interfaced to a standard radiosonde package carried by a meteorological balloon. Ambient air is pumped through potassium iodide solution in the cell and the resulting current is proportional to the number of ozone molecules in the sample. Pro®les are obtained at least three times per week in winter and early spring but less often during the rest of the year. In April, regular ascents began in 1992 (WMO, 1996) .
Observations for the 1996/97 period
For much of the winter 1996±97, daily values of total ozone were within two standard deviations of the climatological mean at both Camborne (Fig. 3a) and Lerwick, but with the March and April monthly means below normal by 11±16%. Values show considerable day-to-day variability especially in the winter and spring, due primarily to meteorological eects including movements in the polar vortex but superimposed on this day-to-day variation is slow chemical change (Chipper®eld, 1994; Chipper®eld et al., 1996; von der Gaathen et al., 1995; Braathen et al., 1997; Rex et al., 1998 1996) , the fact that very low values occurred so late in the year is signi®cant for UV ery levels as indicated in Fig. 2 . During the period when data have been taken in Southern England, there has been a general tendency for the April minima to become lower at a rate similar to the overall downward trend of about 2 DU per year.
An ozone ascent was made at Lerwick on 30 April, but because of an electronics fault, data were only available up to 18 km rather than the typical limit of about 30 km. Compared with the April mean (Fig. 3b) , on 30 April there was approximately 50 DU less ozone in the 10 to 18 km range. On 30 April total ozone was also measured from the Dobson spectrophotometer at Lerwick and was found to be 295 DU, approximately 80 DU below the mean for April for the period over which measurements have been made. This, together with the pro®le information from the ozonesonde, indicates that the ozone above 18 km was about 30 DU below the monthly mean.
For April and May 1997 the mean and random error for the dierence Dobson-TOMS were typically of the order of 1% and 3%. During the period 30 April±2 May 1997 the largest dierence was À3% at Camborne and +4% at Lerwick. The TOMS data for 30 April, showed a region of high ozone in the high-latitude western hemisphere, where the total column approached 500 DU, but much of the high-latitude eastern hemisphere was considerably lower at about 300 DU. In particular, there was a small region over central and northern England with ozone values approaching values normally only seen in the tropics at this time of year. Total ozone measured at Copenhagen (55.7 N, 12.6 E) was also very low on 1 May, 1997, (279 DU), almost 3 standard deviations below the long term mean. 
Observations for the 1997/98 period
Also included in Fig. 3 are the results for the 1997/98 winter and spring. During the early part of the winter there were two periods, during December and February when total ozone at Camborne was low, but otherwise values were near normal. During the period when UV levels increase rapidly, in April and May, total ozone was generally much higher than in the corresponding period in 1997. The vertical pro®les at Lerwick con®rm this general picture and in particular, for 29 April, 1998, ozone was generally one standard deviation above the mean. This compares with the pro®le one year earlier which was more than one standard deviation below the mean over almost the entire measured range.
The TOMS data for 2 May, 1998 contrasts markedly with the data for the 1997 period. In 1998, ozone amounts were much closer to the long-term climatology with large areas in high latitudes approaching or exceeding 500 DU. Over the UK and Europe values were quite close to the long-term climatology and some 100 DU higher than in 1997.
Modelling UV ery
To model UV ery for the periods of interest, the radiative transfer scheme used to compute photolysis rates in the Meteorological Oce photochemical model (Butchart and Austin, 1996) has been extended to the ground and the downward component of the UV irradiance was weighted to the McKinlay-Diey action spectrum for erythema (McKinlay and Diey, 1987) . The calculations used the ozone climatology for Camborne/Bracknell for the period 1979±1996 and the total aerosol optical depth was assumed to be 0.2 in the UV part of the spectrum. The model results (smooth curve in Fig. 2a) show generally good agreement, perhaps overpredicting UV ery in the winter months and underpredicting in the summer months. However, the results are slightly dependent on the amount of aerosol assumed and seasonal variations have not been taken into consideration. Also, identifying truly clear skies in the winter months is quite dicult due to the small UV signal while the large winter solar zenith angles could have resulted in a small instrument bias. Regarding the values in the summer months, these were calculated using an ozone climatology valid for all meteorological conditions and it is quite likely that the observed ozone would actually have been slightly lower during the anticyclonic conditions to which the UV ery values refer. Comparing the results in more detail, at Chilton, the model predicted values are 104.4 mWm À2 and 146.4 mWm À2 on 30 April and 27 June respectively. The dierences from the climatology (Table 1 ) of 1% and 7% respectively are well within the combined systematic errors of the instrument (about 10±15%) and the ozone cross-section data (about 20%, for a 95% con®dence level, DeMore et al., 1997) used in the model calculations. This suggests incidentally that the true systematic errors in the measurements and cross-section data may be somewhat smaller than the theoretical values.
The model UV ery results for Camborne for the periods 30 April to 2 May, 1997, is shown in Fig. 2b . The lower solid curve is the model calculation assuming climatological ozone values, and the upper solid curve assumes the observed ozone for 1 May, 1997 (271 DU) . For the observed ozone, the model overestimated the peak by 9% (165.1 compared to an observed 151.4 AE 0.7 mWm À2 on 1 May where the error bar denotes the random error in the measurement) but the diurnal variation of the UV ery observations is very well reproduced. There is a substantial dierence between the calculated UV ery results for the two ozone values demonstrating that the increased observed UV ery in early May, 1997, was almost entirely due to ozone change. This supports the conclusion obtained in Sect. 2, on the basis of the UVA measurements.
For 2 and 3 May, 1998, observed peak UV ery values at Camborne were 101.7 AE 2.1 and 106.4 AE 0.2 mWm À2 and again this compares very favourably with the calculated value of 102.4 mWm À2 for 3 May 1998 assuming the measured total ozone of 400 DU (lower solid curve in Fig. 2c ). With climatological ozone (373 DU, upper solid curve in Fig. 2c ) the calculated peak UV ery was 111.8 mWm À2 . These values are all within one standard deviation of the expected UV ery values for Camborne (the Chilton climatology, Table 1 , corrected for the latitudinal dierence between Camborne and Chilton).
Analysis of results

Meteorological conditions
In this section, the temperature conditions in the lower stratosphere during the winter and spring periods are summarised with an emphasis on the likelihood of ozone destruction on the surfaces of PSCs. A commonly used diagnostic is the minimum temperature for the region north of 45 N, shown in Fig. 4 from UK Meteorological Oce stratospheric analyses (Swinbank and O'Neill, 1994 ). The shaded region shows the range of minimum values for each day for the periods 1 November 1991±31 May 1992 to 1 November 1995±31 May 1996. The values for the period 1 November 1996±31 May 1997 and 1 November 1997±31 May 1998 are indicated by the solid and dotted lines respectively. For comparison the thermodynamic equilibrium temperatures (Hanson and Mauersberger, 1988) for the formation of nitric acid trihydrate (NAT) and pure ice (ICE) PSCs are indicated by the broken lines parallel to the abscissa, assuming 10 ppbv HNO 3 and 5 ppmv H 2 O. Although the early part of the 1996/97 winter was relatively mild, temperatures below the NAT threshold were observed well into March, a period when chemical ozone destruction would have been quite marked. In contrast, the 1997/98 winter was very cold early on, with ice temperatures occurring in December but the stratospheric warming in January increased temperatures signi®cantly. Following the warming further cooling resulted, but temperatures were only just low enough to support PSCs for a short period during the remainder of the winter, in contrast with 1996/97.
Air parcel behaviour
To determine the likely origin of the air arriving in the lower stratosphere across the UK, we computed, using the UKMO stratospheric analyses (Swinbank and O'Neill, 1994) , a range of back trajectories arriving at locations spread evenly between the positions 50±60 N and 10 W±10 E on 30 April 1997 and 3 May 1998. The trajectories were assumed to be isentropic, a good approximation for actual air motions (Austin and Tuck, 1985; Knudsen and Carver, 1994) and were calculated for the potential temperature surfaces 400 K, 475 K, 550 K and 625 K (approximate altitudes 18, 20, 22 and 24 km respectively). At each level, adjacent air parcels (Figs. 5 and 6) show similar behaviour providing con®dence in the computed trajectories (Austin and Tuck, 1985) .
For 1997, on the 550 K and 625 K surfaces, all the air parcels travelled around the polar vortex, which was somewhat elongated in shape. Comparison with the TOMS map for 30 April shows that the the air parcels at these levels were approximately con®ned to the region where total ozone was low. Perusal of the potential vorticity charts for this period (see Clough et al., 1985 and Hoskins et al., 1985 , for the signi®cance of this quantity), indicated that the UK was at the edge of the polar vortex, which extended into the eastern hemisphere, broadly similar in position to that of the trajectories. On the 400 K surface, all the air parcels had their origin in subtropical latitudes. The results at 475 K showed a combination of both¯ow regimes, with the south-west parcels transported from the subtropics and the remainder from the edge of the polar vortex.
The trajectories ending on 2 May, 1998, (Fig. 5) show distinctly dierent behaviour than for 1997. At each level the trajectories are again broadly consistent and although the majority of parcels had their origin in low latitudes at the upper levels, at 400 K most parcels started in middle latitudes. Also there was no clearly de®ned region (e.g. the vortex) around which the air parcels travelled.
Discussion
Meteorological and chemical eects on ozone
For some decades it has been recognised that total ozone is correlated with meteorological parameters (e.g. Ohring and Muench, 1960) . On this basis, Steinbrecht et al. (1998) have deduced that the measured change in tropopause height over the last 30 y has resulted in about 10 DU total ozone loss. Our own data at Camborne and Lerwick have also shown a clear anticorrelation between total ozone and the height of the tropopause over many years (Molyneux et al., 1998) . On 30 April, 1997, when anticyclonic conditions were present in the troposphere, the height of the transition, between low ozone tropospheric air and higher ozone stratospheric air, was raised by about 3 km. Also, on the 400 K potential temperature surface, the air parcels had been transported from the sub-tropics where ozone concentrations are generally low (Russell et al., 1986) . Together, these two eects gave rise to low total ozone below 18 km due to meteorological processes. Further, although 1997 was warmer than normal early in the winter, PSCs could nonetheless form from the beginning of January until 26 March (Fig. 4) , when exceptionally cold conditions prevailed, allowing the possibility of ozone destruction in the polar vortex later into the spring than in previous years (Chipper®eld, 1994; Chipper®eld et al., 1996; . 10-day air parcel trajectories calculated from analysed winds and ending on 30/4/97. Trajectories were calculated for end points at intervals of 2 latitude and 2.5 longitude but for clarity only every fourth trajectory is shown. The start points are indicated by the circles; the arrow heads denote the direction of travel and are plotted at intervals of 2.5 days along each trajectory, with arrow heads also at the end points, coinciding with positions over the UK The calculations are for the potential temperature surface h 400 K, 475 K, 550 K and 625 K because of the isolated nature of the polar vortex. Examination of total ozone maps based on TOVS satellite data (Neuendorer, 1996) for February to April 1997 shows a well-de®ned region of low ozone in the polar vortex early in the period followed by transport of low ozone from the subtropics during several episodes later in the period. This is consistent with chemical depletion early in the period due to the very low temperatures (Fig. 4) followed by reversible changes associated with dynamics such as during the anticyclonic period mentioned here. Therefore this study provides an extension of previous results (Kerr and McElroy, 1993) which have shown the eect of surface anticyclones on ultraviolet during summer conditions. Furthermore, the potential for particularly extreme events in late spring, is demonstrated.
In comparison, for a similar period in 1998, total ozone was considerably higher with most of the low level air parcels remaining in middle latitudes. Also, with fewer PSCs than in most recent years, the amount of chemical ozone depletion was considerably reduced. Preliminary estimates (European Ozone Research Coordinating Unit, 1998) con®rm that chemical ozone depletion was lower in 1998 than in recent years, but still suggests that the column ozone would have been 15± 20% higher in the absence of chemical depletion.
Future prospects of high UV ery
As noted by other authors (e.g. Austin et al., 1992; Shindell et al., 1998; WMO, 1999, Ch 12) as greenhouse gas concentrations increase further in the atmosphere, lower stratospheric temperatures will fall further. Temperatures in the high-latitude lower stratosphere in the 1990s have been lower than previous decades (WMO, 1999, Ch 5, and references therein) while the strengthening of the Arctic vortex since 1979 has also been documented (Labitzke and van Loon, 1995; Zurek et al., 1996) . Also, although chloro¯uorocarbons appear to have maximised in the troposphere (Montzka et al., 1993) , the delay for their transport to the upper atmosphere implies that stratospheric chlorine levels are only now expected to peak while bromine amounts are likely to rise for several more years (SORG, 1996; WMO, 1999, Ch 11) . Thus, further increases in peak springtime UV ery might be expected to occur for the next decade or more.
Impact of UV ery levels on human health
To express the measured UV ery values in biological terms, for a Sun-sensitive person, a minimal erythemal dose is about 200 Jm À2 . Therefore a minimal erythema (just noticeable increase in skin colouring) would have been attained in 20 min on 30 April, 1997, and 22 min on 1 May, 1997, at Camborne, compared with an expected 31 min. While there is not a demonstrated link between erythema (sunburn) and skin cancer, a history of repeated sunburns is a strong risk factor for all types of skin cancer (Armstrong, 1993) . Therefore a 30% reduction in sunburn time could be serious if repeated frequently, although for a single high UV ery exposure, apart from some temporary discomfort, there may be little long-term health consequence.
Conclusion
Extremely low ozone levels were observed on 30 April, 1997, over Camborne and Lerwick, due to transport from the tropics below 18 km where ozone is low in concentration, and transport from the Arctic vortex above 18 km where ozone had probably been partially depleted by chemistry. Further, during 1997 the ®nal warming was also delayed so that any ozone depletion which had occurred during the winter was maintained in the stratospheric polar vortex. Radiation model calculations and measurements of UVA con®rm that the low ozone resulted in the high UV ery measured in spring 1997. In contrast, during the 1997/98 winter any ozone depletion early in the period was oset by the transport of large amounts of ozone to high latitudes by a minor stratospheric warming and subsequently temperatures were too high for signi®cant ozone destruction to occur in spring. The large dierences between 1997 and 1998 illustrate the importance of interannual variability and the diculty in detecting long term change in the Northern Hemisphere. In particular it would be premature to conclude, on the basis of the 1998 measurements, that the ozone layer is beginning to recover.
Although the case studies presented here were speci®c to Southern England, a relatively small part of Europe, some 30 million people were nonetheless potentially aected. Also, it is plausible that at other times other regions in northern middle latitudes may be at risk, as has been observed in southern middle latitudes (Atkinson et al., 1989) . Consequently, if the 1996/97 conditions were to occur later in the spring in accordance with current trends in the stability of the polar vortex, with 1997/98 being perhaps an exceptional winter, this could become more serious both for human health and the biosphere. Hence, continued careful monitoring of UV and the ozone layer is essential throughout the period when ozone destruction is expected to be most extreme, over the next decade and perhaps beyond.
